agricultural plants. According to Grenda (2003) , Pusz and Pląskowska (2008) , Matysiak et al. (2011) as well as Bulgari et al. (2015) , biostimulants applied in plant cultivation are a natural method of better utilisation of crop growth conditions (temperature, air and bed humidity, light quantity and intensity) and nutrients, all of which result in an increase in yield quantity and quality.
The research hypothesis assumed in the present work is that biostimulant application may contribute to better seed quality by reducing the concentration of harmful sulphuric compounds called glucosinolates. As few studies on the effect of this factor were undertaken and much interest in agricultural practice was expressed, this research was conducted to determine the effect of types of biostimulants on glucosinolate content in the seeds of three winter oilseed rape cultivars.
MATERIAL AND METHODS
Field studies were conducted in 2013-2016 at the Zawady Experimental Farm (52°03'N, 22°33'E) owned by the Siedlce University of Natural Sciences and Humanities. The experiment was designed as a split-split-plot arrangement with three replicates. The following three factors were examined: I -three winter oilseed rape morphotypes: a popu- FAO (2014) to the Haplic Luvisols group, sandy, belonging to a very good rye soil complex, of the IVb botanical class. In the years of the experience, the soil reaction (pH) ranged from 5.68 to 5.75. The soil was characterised by a low total nitrogen content (average from 0.80 to 0.90 g/kg), phosphorous content (average from 0.33 to 0.55 g/kg), potassium content (average from 0.61 to 0.67 g/kg) and calcium content (average from 0.82 to 0.85 g/kg) and the average magnesium content (from 0.38 to 0.46 g/kg) and sulphur content (from 0.11 to 0.15 g/kg). It has a low abundance in assimilable forms of phosphorous (average from 75.0 to 80.0 g/kg) and the average assimilability of potassium (from 200.0 to 205.0 g/kg) and magnesium (average from 59.0 to 61.0 g/kg).
The phosphorous-potassium fertilization at the dose of 40.0 kg P/ha and 110.0 kg K/ha with the first dose of 40.0 kg N/ha was used before sowing. Fertilization was used in the form of Lubofos for rape at the dose of 600.0 kg, i.e. 21.0 kg N/ha, 26.4 kg P/ha, 92.1 kg K/ha, 34.8 kg S/ha, 1.2 kg B/ha. Fertilization rates were supplemented by 55.9 kg/ha of ammonium nitrate (19.0 kg N/ha), 29.6 kg/ha of triple superphosphate (13.6 kg P/ha) and 29 kg/ ha of potassium salt (17.9 kg K/ha). The second nitrogen dose of 100.0 kg/ha was applied in spring before vegetation (BBCH 28-30) using ammonium nitrate at the dose of 255.5 kg/ha (86.9 kg N/ha) and ammonium sulphate at the dose of 62.5 kg/ha (13.1 kg N/ha + 15.0 kg S/ha). The third dose of nitrogen 60.0 kg/ha was applied at the beginning of budding (BBCH 50) using ammonium nitrate at the dose of 176.5 kg/ha (60.0 kg N/ha). Rape was collected in two stages, in the first and second decade of July (I year: 11.07.2014; II year: 17.07.2015; III year: 14.07.2016) .
Glucosinolate content (μmol/g) in the dry matter of seeds was determined by means of reversedphase high performance liquid chromatography (HPLC) with a gradient elution mode, following PN-EN ISO 9167-1. 1991.
Experimental results were statistically analysed by means of ANOVA. Significance of sources of variation was checked using the Fisher-Snedecor test and means separation was obtained using the Tukey's test at the significance level of P = 0.05 (Trętowski and Wójcik 1988) .
Weather conditions varied during the study years (Table 1 ). In 2013, total precipitation was by 60.0 mm higher than the long-term mean sum of precipitation, the average air temperature being by 0.8°C higher. The highest annual precipitation sum, on average 599.2 mm, and the lowest average annual air temperature, on average 8.8°C, were recorded in the growing season 2014-2015. The annual total precipitation over this period was by 171.7 mm higher compared with the long-term mean. The third study year was the warmest and the driest, the annual total precipitation in this year being by 43.8 mm lower than the long-term mean, and the average annual air temperature being by 1.3°C higher than the long-term mean calculated across 1996-2010. The Sielianinov's hydrothermal coefficient indicated that there was no drought in all the study years although in some months with extreme values of this coefficient there was either strong drought or no drought.
RESULTS AND DISCUSSION
Glucosinolate content as affected by types of biostimulants applied (Table 2 ). Biostimulants applied in the experiment contributed to a decline in glucosinolate content compared with control. The lowest concentration of these compounds was recorded in seeds harvested in plots sprayed with Silvit ® (on average 8.88 µmol/g), followed by Tytanit ® (on average 9.08 µmol/g) and Asahi ® SL (on average 9.65 µmol/g). The concentration of these harmful compounds was the highest in (Table 2) . A significant decline in glucosinolate content was determined in the morphotypes examined following an application of natural growth stimulants. Regardless of the biostimulants used in the study, cv. Monolit accumulated less glucosinolates than the hybrid cultivars. Restored cultivars accumulated similar amounts of glucosinolates following an application of Silvit ® and Tytanit ® . Spraying with Asahi SL contributed to a significant decline in glucosinolate content in the cv. PT 205 compared with cv. PR 44D06.
An interaction of study years with biostimulants was confirmed, which indicates that biostimulants displayed a different mode of action under changeable weather conditions in the study period (Table 3 ). The lowest concentration of these compounds, ranging from 8.79 to 8.92 µmol/g, was recorded following the application of Silvit ® in all the growing seasons, the quantity of glucosinolates in seeds being the same in the first study year after spraying with Silvit ® and Tytanit ® .
Glucosinolate content as affected by the genetic factor (Table 2) . Broniarz and Stroiwąs (2013) say that the concentration of glucosinolates in winter rape seeds on average ranged from 7.1 to 16.4 μmol/g. Jankowski et al. (2015) received an average of 15.25 μmol/g while the average from 8.84 to 9.84 μmol/g dry matter was obtained in own studies. Variance analysis demonstrated a significant effect of the genetic factor on the concentration of glucosinolates in winter oilseed rape seeds. Of the examined cultivars, the lowest concentration of these compounds was observed in the population morphotype cv. Monolit (on average 8.84 µmol/g), which agrees with the findings reported by Wójtowicz and Wielebski (2000) as well as Wójtowicz and Jajor (2006) who found lower glucosinolate contents in the population Wielebski and Wójtowicz (2004) as well as Wielebski (2009 Wielebski ( , 2011 . The authors obtained the highest concentrations of the sulphuric compounds in cvs. Kaszub and Pomorzanin. The content of harmful sulphuric compounds was also affected by weather conditions throughout the study years (Table 2) . A similar trend was observed by Champolivier and Merrien (1999) , Liersch et al. (2000) , Wielebski (2009) as well as Wielebski (2011) . Hu et al. (2007) and Wielebski (2009 Wielebski ( , 2011 reported that precipitation shortages during flowering and excess when seeds developed and matured contributed to an increase in the glucosinolate content. In the present study, the highest seed content of glucosinolates was recorded in the growing season 2014-2015 (on average 9.58 µmol/g) when precipitation shortages and a lower average daily air temperature were recorded in June compared with the long-term mean, whereas in July precipitation exceeded by 5.1 mm the long-term mean. A lower concentration of sulphuric compounds (on average 9.51 µmol/g) was determined in seeds harvested in 2015-2016 when precipitation in June and July was much lower and air temperatures were higher than the long-term mean. Glucosinolate content was the lowest (on average 9.22 µmol/g) in the first study year characterised by excessive precipitation in May followed by rainfall shortages in June and early July. Statistical analysis revealed a significant interaction between cultivars and growing seasons ( Table 2 ). The lowest glucosinolate content was recorded in the seed of the population morphotype and semi-dwarf restored cultivar in the first study year. In the remaining years, the cultivars accumulated similar amounts of these compounds. Cv. PT 205 and all the other cultivars had the lowest glucosinolate content in the first study year. Moreover, cv. PT205 contained more sulphuric compounds in the growing season 2014-2015 than 2015-2016. Contrasting findings were reported by Wielebski and Wójtowicz (2004) who found a similar response of the cultivars they studied to weather conditions in individual study years.
Glucosinolate content as affected by the sowing method (Table 3) . Variance analysis demonstrated no significant effect of the two sowing methods on the concentration of glucosinolates in oilseed rape seeds, which agrees with the findings reported by Różyło and Pałys (2011) . However, these authors obtained a slightly higher concentration − on average 0.4 µmol/g − when the between-row spacing of 25.0 cm was used. Similarly, Wielebski and Wójtowicz (2004) obtained much higher concentrations of alkene glucosinolates and total glucosinolates at the lowest crop density. In another study, Różyło and Pałys (2014) found than an increase in the between-row width from 33.0 cm to 44.0 cm and 55.0 cm contributed to a decline in the glucosinolate content.
Summarizing, under the influence of all natural growth stimulators applied and the plant development in the analysed morphologies, there was a significant reduction of the content of the harmful sulphur compounds compared to the control object depending on the climatic conditions during the research years.
